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Applications of Pathogen Genomics in Public Health: State
Level
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State Public Health

8/9/2024

Diagnostic testing of specimens, characterization of isolates
Surveillance of infectious diseases
Investigation of clusters, outbreaks

Applied research to improve population health
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State Public Health (cont.)

Epidemiologists use surveillance and other data to study patterns of
disease incidence to develop and evaluate prevention and control
strategies




Evolution of Epidemiological Approaches

19t Century: Clinical and epidemiological definitions of syndromes

ARnie Stebler-Hopf, artist

« 20" Century: Incorporating microbiological characterization
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Some Advantages of Whole Genome Sequencing (WGS)

Relatedness of strains:
outbreak investigation,
evolutionary history
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Collaboration of Epidemiology, Laboratory, and
Bioinformatics

Bottom Line Up Front Bottom Line Up Front

* Genomic sequencing of respiratory. ==

* Genomic sequencing of respirlory ~—=~
oot — 4 syneytialvirus (RSV) follows the —— s v syncytial virus (RSV) follows the
e well-tread path established by o - >~ \ welltread path established by 4
SARS-CoV-2 sequencing, i B

SARS Co 2 sequencing
F0130CT 00

/ . knowledge of th
« Refining our knowledge of the | < : fni’:::fl;‘::’luln::#‘;;n:mwl
molecular biology and taxanomy of | i - , N S ek i e
RSV can strengthen survelllance. | =

| BX + Labvepl dialogue can strengthen and =:L
« Lab-epi dialogue can strengthen and 1 e N —am Imprave gn the value of this process. &

improve on the value of this process.
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Some Examples




PFGE vs. WGS, S. Enteritidis

PFGE patterns (7] PFGE Chistors (1) WGS Clusters [87)
(N=d50)

* WGS achieves higher resolution compared to
traditional PFGE
oo e | 3w | T . P r— * More accurate cluster identification

Tree scale: 0.01 +——
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Rounds, et al. Epidemiol Infect. 2020; 148: e254.
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Listeriosis Case - Routine Disease Surveillance

March 2024

LISTERI4 CASE FORA Conmpleted by Date completed

* Pregnant with positive blood culture for L.
monocytogenes e e T e e e

Formm Aporoved
OME No. 0520H004

Putient's mame: Sarregare’s mume:
Patend's sireet addres:
Ciry: Seate: Iop:
Phaons gumber=: (B} =) _ )
. . Hazpital name:): “Fecpatal cemtact namefz};
Hospitsl cominct mumbers:
e ———— e e PRCS Y
S M F Etbmicity (¢ o
* Fetal demise at 29 weeks gestation e
$hn.¢:fusid.mnr:__ [-mIa:\m -L an AmaricanBlack
-;gﬁ: _ L:n:w:. Ha:mu Hooaiiam or Other PaciSic Ilaader
Stace or local epi case ID: ;?“\m{ll-ﬂHMH
CIC onthreak (EFORS) v Unkncam

* Interviewed in Spanish with standardized “Listeria
Initiative” national questionnaire L e,

B0 3: CASES NOT ASSOCIATED WITH PREGNANCY (Tiness in nop ﬂﬂﬂ-:—l—iiﬂ
Type(z) of specmendz) that rrew Speqmen Sl g Lab “itmbe Pabhc il
.Llsmuilscl:m?ﬂl pply collsctiom date [staie, gty connry] {Emporint: muast huve af least one

* Exposure history: queso fresco (Walmart)

* Demographics: Hispanic (Ecuador)

Inciuging the Tme for reviewing Instnictions, s2arching existing data sources, gathering and mantalning the data nesded,

and completing and reviewing the coliection of Information. An agency may not conduct or Spansor, and & persan Is not

required 1 respond 1o 3 coliécTon of Information uniess it d Igg & curmently valid OMB control numiber. Send comments
jon

0 * Part of current national queso fresco/cotija cheese P —————
outbreak? B COCATSO e okt . ok WS 54 A, Garss 55 1T o




Enter Whole Genome Sequencing (WGS)....

* NCBI shows additional closely-related isolates (0-38 SNPs)
* Not part of national queso fresco outbreak

20

Fresh cheese nvironmentalfother, 2022-05-20, Ecuador:Quito, Fresh cheese, U5552L, PDT001312393 1
environmentaliother, 2022-05-20, Ecuador:Cuito, Fresh cheese, U5h36L, PDT0013123586.1

(2022) O environmentalfother, 2022-05-26. Ecuador:Quito, Fresh cheese, U5533L, PDT0O01315591 .1
environmentalfother, 2022-05-20. Ecuador:Quito, Fresh cheese, U5540L, PDT001312380.1

Q -t E d environmental'other, 2022-05-20, Ecuador:Quito, Fresh cheese, LU5553L, PDTO001312392 1
uito, ccuaaor environmental/other. 2022-05-20. Ecuador Quito, Fresh cheese, U5535L PDT001312385.1
environmental/other 2022-05-10 Ecuador-Quito, Fresh cheese U5501L, PDT001303800.1
) #J environmental/other 2022-05-20 Ecuador-Quito, Fresh cheese U5555L, PDT0O01312384 .1
cri-:in-:al 2024-03-11, PNUSALD20723, PDTO02107264 .1
O clinical, 2017-06-28, USA, fluid_synovial, PNUSALO03064, PDT000221529.2
O environmentalfother, 2022-05-26. Ecuador:Quito, Fresh cheese Ub5386L, PDT001315608.1

MN case (2024) {
OR case (2017) :

* Oregon case:

* Consumed queso fresco in Ecuador prior to infection



Re-interview Minnesota Case

1:50 4 W FTa

L4 Cangrejos Minneapolis

During entire pregnancy: Yes, purchased Ecuadorian e '(--,;
Any travel to Ecuador? queso chonero on Facebook L
Any food from Ecuador? (5-6 months ago).

Cang_rejos Mlnneapolls MN
))isen

Queso chonero = e e
fresh cheese/queso fresco e W‘ -

b Cangrejos Minneapolis

Brick and Mortar Store in Chicago
FDA sampled cheese from Chicago location
* Positive L. monocytogenes
* 1-2 SNPs from Minnesota case isolate




Public Health Interventions

= MDH social media and
Spanish language media
communications

NO COMA
Do Not Eat

% No coma Queso Chonero

Import Alert 12-10 .
| blanco especial importado

Desc: Queso Chonero Special White Cheese (Fresh Hard White Cheese) == =C= b _ | de Ecuador
Froblems: LISTERIA : MONOCYTOGENES;

12 C - - 13 Cheese, Hispanic/Latino/Mexican Style, all varieties, including queso
Date Published: 06/06/2024

* FDA import alert, ongoing investigation

Y U.S. FOOD & DRUG

ADMINISTRATION

m Do not eat Queso Chonero
gt =l Special White Cheese
A imported from Ecuador.

A Listeria infection  Una infeccién por

. . . . . in an adult from Listeria en un adulto
* |Incidence of listeriosis in Ecuador

Minnesota has been de Minnesota se ha

. . linked to this relacionado con este
unknown (no national surveillance)

cheese. queso.
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W LicFC

[ LTCcFD

B Correctional facility A
Correctional facility B
[7] Processing plant A
B Processing plant B
| Community A

@ ucr

[l Correctional facility

W Processing plant

< None (community cases)
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Figure 1. Phylogenetic tree of severe acute respiratory syndrome coronavirus 2 associated with selected
outbreaks in Minnesota, USA, March 6—-June 30, 2020. IQ-TREE (29) was used with the general time
reversible substitution model for tree generation. Branch lengths were scaled to represent number of
single-nucleotide mutations as shown in the scale key. LTCF, long-term care facility.

Lehnertz NB, Wang X, Garfin J, Taylor J, Zipprich J, VonBank B, et al. Transmission Dynamics of Severe Acute Respiratory Syndrome Coronavirus 2 in High-
Density Settings, Minnesota, USA, March—June 2020. Emerg Infect Dis. 2021;27(8):2052-2063. https://doi.org/10.3201/eid2708.204838



2 4 6 8 10 12 14 16 18

ll.!.lillll J.lrlllﬂ_r_é;ﬁlm ’Llﬂ"ilfl

1

Figure 5. Phylogenetic tree of severe acute respiratory syndrome coronavirus 2 genome sequences associated with long-term
care facility C and correctional facility B, Minnesota, US, April-June 2020. Filled circles represent sequences from samples from
inmates or residents; open circles represent sequences from facility staff or healthcare workers. Sequences from long-term care
facility C are shown on a white background; sequences from correctional facility B, on a gray background. Sequences from 2
household contacts are noted with stars. IQ-TREE (29) was used with the general time reversible substitution model for tree
generation. Branch lengths were scaled to represent number of single-nucleotide mutations, as shown in the scale. MDH,
Minnesota Department of Health.

Lehnertz NB, Wang X, Garfin J, Taylor J, Zipprich J, VonBank B, et al. Transmission Dynamics of Severe Acute Respiratory Syndrome Coronavirus 2 in High-
Density Settings, Minnesota, USA, March—June 2020. Emerg Infect Dis. 2021;27(8):2052-2063. https://doi.org/10.3201/eid2708.204838
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O MN-MDH-1202
—Jl MN-MDH-1249

O MN-MDH-1215

O MN-MDH-1251
B MN-MDH-1212
B MN-MDH-1250
Q MN-MDH-1205
1

MN-MDH-1203
_?—o MN-MDH-1209
MN-MDH-1213
MN-MDH-1214
MN-MDH-1208

MN-MDH-1216
MN-MDH-1217

MN-MDH-1224
MN-MDH-1210
MN-MDH-1218

M MN-MDH-1211

MN-MDH-1223
MN-MDH-1221
MN-MDH-1220
MN-MDH-1219
MN-MDH-1222

O MN-MDH-1206

Figure 6. Phylogenetic tree of SARS-CoV-2 genome sequences associated with meat-processing plant A
and the surrounding community, Minnesota, USA, March 15—-June 30, 2020. Open circles represent
sequences from samples from staff at processing plant A; squares represent sequences from samples
from persons in the surrounding community. IQ-TREE (29) was used with the general time reversible
substitution model for tree generation. Branch lengths were scaled to represent number of single-
nucleotide mutations, as shown in the scale. MDH, Minnesota Department of Health.

Lehnertz NB, Wang X, Garfin J, Taylor J, Zipprich J, VonBank B, et al. Transmission Dynamics of Severe Acute Respiratory Syndrome Coronavirus 2 in High-
Density Settings, Minnesota, USA, March—June 2020. Emerg Infect Dis. 2021;27(8):2052-2063. https://doi.org/10.3201/eid2708.204838



Group A Streptococcus Outbreak in Long-Term Care

Facility
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* WGS of isolates by CDC using CDC 0@ M| = ;}f =t

developed “cluster tool”, identified cluster aS“‘ ,,,,,, \\:ﬂ; :mg
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facility H) over 3 years

&
S | N mhI1797
vl . % ‘t‘-_u-"lﬂ_. MNI1Z60 [
# | : .\l,’“_l-"-". MRS I @
| '__‘. '\'-Iﬂ-"" [Tt |
I 1 B MEITYEY
YL MDY
MNES
MEZMAZ
]
MRS
MEFIST Il @

T e

* Epidemiologists re-reviewed cases and
interviewed facilities
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e Conducted comparison of shared services
between facilities with and without cases
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Pathogen Genomics Centers of Excellence
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lliness Outbreaks Improve Disease Response
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Respiratory Illness in
Underserved Communities
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8/9/2024 health.state.mn.us 19



	Applications of Pathogen Genomics in Public Health: State Level
	State Public Health    
	State Public Health (cont.)  
	Evolution of Epidemiological Approaches
	Some Advantages of Whole Genome Sequencing (WGS)
	Collaboration of Epidemiology, Laboratory, and Bioinformatics
	Some Examples
	PFGE vs. WGS, S. Enteritidis
	                      Listeriosis Case - Routine Disease Surveillance�March 2024
	                          Enter Whole Genome Sequencing (WGS)….
	                                           Re-interview Minnesota Case
	                                              Public Health Interventions
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Group A Streptococcus Outbreak in Long-Term Care Facility
	Pathogen  Genomics Centers of Excellence
	Acknowledgements
	Thank You!

